sUMMarY: The Mediterranean toothcarp Aphanius fasciatus (Valenciennes, 1821) is a small-sized omnivorous estuarine fish. Its diet is dominated by juveniles of shrimps (Palaemon adspersus), Isopods, Branchiopoda, Bivalvia, eggs of invertebrates, mosquitoes (adults and larvae) and diatoms. an ontogenetic diet shift with an increase in mean prey size with fish length was observed. smaller fish feed on planktonic prey (e.g. copepods, ostracods, nauplii of Artemia), while larger fish prefer larger and more benthic preys (e.g. ampipods, Bivalvia). The diet of A. fasciatus shows a high degree of seasonal variation, with a reduction in the feeding activity during the periods of adverse environmental conditions (winter and autumn). It is a well-adapted estuarine fish, its feeding mode and preferences depending on the preys that are available. Its feeding strategy is characterised by specialisation in different resource types (aquatic invertebrates and mosquitoes) and a high betweenphenotype contribution (BPC) to niche width, with specialised individuals showing little or no overlap in resource use. Keywords: Aphanius fasciatus, feeding strategy, intraspecific variation, feeding ecology, lagoon.
cessive spawning act, and reaches sexual maturity within a few months (at a total length of less than 2 cm) (Leonardos and sinis, 1998) .
Aphanius fasciatus originally inhabited a wide range of lowland waters but its distribution is now reduced to brackish and hypersaline waters in salt marshes and coastal lagoons. From a conservation perspective, the populations of A. fasciatus have declined dramatically, in many cases even to extinction, due to problems such as brackish-water habitat degradation, pollution of continental and coastal waters, destruction and reduction of salt-works, and introduction of exotic fishes (Bianco, 1995) . as a consequence, it has been listed in annexes II and III of the "Bern Convention", relative to the conservation of wildlife and the natural environment in europe (Council of europe, 2000) and in annex II of the 'Fauna-Flora-Habitat' directive 92/43/eeC concerning conservation of natural habitats and wild flora and fauna of the european Union (Council of europe, 1992) . Furthermore, A. fasciatus was recently listed in the International Union for Conservation of nature and natural resources red data Book of endangered species (Baillie and Groombridge, 1996) , where it was qualified as "Least Concern", namely a species that has been evaluated against the criteria and does not qualify for Critically endangered, endangered, Vulnerable or near Threatened.
The aim of this study is to provide qualitative and quantitative information on the feeding strategy of A. fasciatus with special emphasis on seasonal, habitat and ontogenetic variation in diet.
MaTerIaLs and MeTHods

Study area
The present study was carried out at two sites of the Messolongi coastal lagoon system ( Fig. 1) , one of the largest in the Mediterranean, with a surface area of about 150 km 2 and a mean depth of less than 1 m. In the lagoon sampling site, during the study period the salinity varied between 9.2 (January) and 28 (september) and water temperature from 5ºC (January) to 37ºC (august). The bottom of the lagoon was covered by dense submerged meadows of Zostera marina and Cymodea nodosa and floating mats of Enteromorpha intestinalis, and occasionally aggregations of Cystoseira barbata, Feldomania globifera and Cladofora echinus are found. The shore of the lagoon, which is occasionally flooded, was covered by species of the genus Salicornia and Arthrocnemum, whereas in places supplemented by inflows of freshwater there are dense aggregations of Phragmites australis. It is an eutrophic system according to the concentrations of total nitrogen, total phosphorus and chlorophyll-a (Leonardos, 1996) .
at the saltworks sampling site the salinity ranged from 19 (January) and 80 (July) and water temperature from 4ºC (January) to 40ºC (July). The coastal zone was covered mainly by Arthrocnamum macrostaphylum, Atriplex portulacoides, Salicornia europea and Sueda maritima. Macrophyte coverage was open where the dominant species was Ruppia maritima, and dense at one end of the lagoon (the farthest from the sea), where the dominant species was Phragmites australis. Lagoon banks were covered by Juncus maritimus Lam. and Atriplex portulacoides. at the Lagoon site, in addition to A. fasciatus, eight other fish species occurred: Atherina boyeri, Liza aurata, Liza saliens, Chelon labrosus, Liza ramada, Mugil cephalus, Gambusia affinis, Syngnathus abester and Anguilla anguilla. at the saltworks site, A. fasciatus was the dominant species, but during the winter months, when the salinity was lower, some specimens of L. aurata and A. boyeri were also found.
Field and laboratory methods
Fish were sampled monthly at both sampling sites using a fry fishing drag net with mesh size of 2.5 mm and a length of 15 m from March 1996 to February 1997. The A. fasciatus captured were rinsed in fresh water and immediately placed in neutralised formalin (4%) until examination. In the laboratory fish total length (TL) was measured to the nearest mm. Body weight (nW) was measured to the nearest 0.1 mg after removal of the intestines and gonads. sex was determined from external characteristics and confirmed by gonad examination. age was determined from scales that were taken from the left side of the body, between the posterior end of the pectoral fin and the anterior end of the dorsal fin. Full guts were removed and food items found in the first third of the gastrointestinal tracks (excluding the rectum) were identified to the lowest taxonomic level possible and counted under dissecting microscope. The volume of each food category was estimated to the nearest 0.00025 mm 3 using a neubauer counting chamber and later transformed to biomass using a conversion of 0.27 mg of dry weight/mm 3 (Lindegaard, 1992; alcaraz and Garcia-Berthou, 2007 ).
Diet analysis
The seasonal feeding activity pattern was assessed through the analysis of the seasonal variation in the percentage of empty guts. To determine the importance each food category to the diet of A. fasciatus percent number (%n), percent volume (%V) and frequency of occurrence (%F) were calculated. Percent number (%n) is the number of individuals of a food category divided by the total number of individuals and expressed as a percentage, after pooling the gut contents of all fish. Percent volume (%V) is the equivalent index applied to volume data. Frequency of occurrence (%F) is the percentage of guts in which a food category was present (Hyslop, 1980) . In order to provide a balanced, general picture of the importance of food categories that combines the effects of these indices, the index of relative importance (IrI) (Pinkas et al., 1971) expressed as a percentage (Cortés, 1997) 
where n i is the number of individuals of prey type i, and n is the total number of prey (Hulbert, 1971) . To determine the feeding strategy of A. fasciatus, the modified Costello graphical method (amundsen et al., 1996) was used. In this method, the preyspecific abundance (Pi), defined as the percentage a food category comprises of all food items in only those predators in which the actual food category occurs is plotted against the frequency of occurrence on a two-dimensional graph. The prey specific abundance was calculated according to the following equation: Pi = (∑si/∑sti) x 100, where Pi is the prey-specific abundance of food category i, and sti the total stomach content in only those individuals with prey i in their stomach. Information about prey importance and feeding strategy of the individual can be obtained by examining distributions of points along the diagonals and axes of the diagram. The prey importance is represented in the diagonal from lower left (rare prey) to upper right (dominant prey); the feeding strategy is represented in the vertical axis from bottom (generalisation) to top (specialisation); and the relationship between feeding strategy and the between-or within-phenotype contributions to the niche width is represented in the diagonal from lower right, which represents a high within-phenotype component (WPC), to upper left, which means a high between-phenotype component (BPC). a population with a narrow niche must necessarily be composed of individuals with narrow and specialised niches. a population with a broad niche may, on the other hand, consist of individuals with either narrow (high BPC) or wide (high WPC) niches.
To analyse seasonal and intraspecific differences in diet, the samplings were categorised into seasons (winter=dec-Feb; spring=Mar-May; summer=Jun-aug; autumn=sep-nov). The r x C independence G-test was performed in order to analyse differences in the seasonal feeding activity.
analysis of covariance (anCoVa) was performed to compare the diet diversity and total food category items in gut content and volume of gut contents among sampling sites, seasons and sex using age as covariates. The most complex model was used by the introduction of all possible interactions. The general linear model was simplified by removing the non-significant interactions, in order to increase the statistical power of the remaining sources of variation. When the covariate was non-significant it was removed from the model and an analysis of variance (anoVa) was used instead.
Correspondence analysis (Ca) was used in order to describe the main sources of diet variation separately for number and IrI%data. Ca is an ordination method that reduces a species X sample matrix to a few dimensions explaining most of the variation. Ca is a suitable multivariate method for community ecology and is better than the traditional procedure of a priori pooling food categories, which is a method based usually on taxonomic rather than on ecological criteria (Garcia-Berthou, 1999) . all the alimentary tracks containing food were used in the analysis and then correlation analysis and anoVa of the resulting scores were used to interpret the dimensions in term of the measured features of the samples (age, sampling site, season and sex).
resULTs
Seasonal variation of vacuity index
The seasonal variation in the percentage of empty alimentary tracks reflected a marked discontinuity in A. fasciatus feeding activity. The percentage of empty alimentary tracks was significantly higher in winter in Messolongi Lagoon and in autumn at the saltworks.
In Messolongi Lagoon, the seasonal percentages of empty alimentary tracks were 35% in winter, 33% in spring, 15% in summer and 29% in autumn (Gtest=9.77, df=3, P=0.02), while at the saltworks they were 27% in winter, 28% in spring, 11% in summer and 37% in autumn (G-test=15.36, df=3, P=0.001).
Overall composition of the diet a total of 27 food categories, mainly invertebrates, were found in the gut contents of A. fasciatus (Table 1 ). The diet was mostly based on Crustacea (Isopoda, ostracoda, Copepoda, decapoda), Mollusca (Gastropoda, Bivalvia), diatoma and algae. The main food items were littoral invertebrates, particularly Isopoda (sphaeromatidae and Idoteidae), Copepoda, decapoda (juveniles of Palaemon adspersus), Branchiopoda (artemia), Insecta (adults and larvae of mosquitoes), Gastropoda, Bivalvia, invertebrates and fish eggs (Table 1, Fig. 2 ).
regarding the percent number, the most important food categories for A. fasciatus in Messolongi Lagoon were diatoms (nitzchia sp., Chaetoceros sp., and Gymnodinium sp.), shrimps (juveniles of Palaemon adspersus), bivalves (mainly larvae of the species Abra ovata, Cerastoderma lamarcki, Mytilaster minimus, Parvicardium exiguum, Loripes 
Feeding strategy
a similar feeding strategy pattern was followed by A. fasciatus at both sampling sites (Fig. 2) . The relative importance of the prey eaten was highly dependent on season, size of toothcarp and habitat variation (Fig. 3) . diatoms of the genus Chaetoceros, Gymnodinium and nitzchia were important at both sampling stations, with more than half the fishes showing a high contribution. The predators that consumed diatoms were mainly small-sized young-of-the-year (YoY). small-sized specimens also consumed small particles of plant debris as well as invertebrate eggs. Large specimens of the family sphaeromatidae were found spontaneously.
Diet variation
From the correspondence analysis of %IrI the first two dimensions (Fig. 4) explained 90% of the variance. There was a significant seasonal effect (anoVa, F 3,1058 =5.39; P=0.001) on the first dimension scores. on the right part of the axis were food categories consumed during the summer such as crustaceans (especially isopods of the families Idoteidae and sphaeromatidae and juveniles of the shrimp Palaemon adspersus), ostracoda and plant debris. on the left of the first dimension, the preys consumed during autumn included amphipoda, Gastropoda, nauplii of brine shrimp (Artemia sp.), adults and larvae of mosquito, bivalves, various molluscs and algae. The scores of the second dimension varied significantly with the sampling station (anoVa F 1,1060 =19.23; P<0.001), with mosquito larvae and Gastropoda, mainly Pirinella conica, on the surface being consumed at the saltworks, and bivalves and plant debris on the bottom being consumed in the Messolongi Lagoon.
The results of Ca for prey number were quite similar. They distinguished on the left of Ca1 the largest preys (amphipods, bivalves, isopods of the families sphaeromatidae and Idoteidae, various species of gastropod and especially Pirinella conica), which dominated especially in the gut contents of large-sized fishes (age >2 years). on the right of the first dimension, the smallest prey included ostracoda, isopods and copepods consumed from smallsized specimens (age <2 years).
Habitat and intraspecific variation in diet
The overall diversity of the prey consumed by A. fasciatus was significantly dependent on age, showing that larger specimens had wider dietary breadth. It was significantly higher in Messolongi Lagoon (d=0.39±0.012) than at the saltworks (d=0.35±0.014) but was not significantly dependent upon season or sex. However, the interaction of sampling station with season was statistically significant ( Table 2 ). The overall diversity of A. fasciatus was negatively correlated with the total stomach volume content (spearman's rho =-0.218; P<0.001), showing that prey diversity was expanded in cases in which stomach fullness was reduced. In contrast, the number of different food categories in gut contents was not related significantly to age or sampling station. Moreover, it varied seasonally, decreasing from winter to autumn and varied between sexes, with females consuming more prey items than males ( Table 2 ). The volume of gut content of A. fasciatus increased significantly with age. significant differences were also found in relation to season, while there was no significant relation of the gut content volume with sex (Table 2 ).
dIsCUssIon
The diet of A. fasciatus comprises food of both animal and plant origin. Its pattern of feeding on animal prey is characterised by the consumption of only a few prey types, especially crustaceans and molluscs. The most common prey in the diet of A. fasciatus, by number and occurrence, were diatoms, juveniles of the shrimp Palaemon adspersus and bivalves. an ontogenetic diet shift and among-habitat variation in diet appeared as a result of different prey availability (e.g. the presence of the branchiopod artemia and the higher abundance of mosquitoes at the saltworks).
a similar feeding pattern has been observed in other Aphanius species (alcaraz and Berthou, 2007; al-daham et al., 1977; Haas, 1982) and other cyprinodontiform fish such as Fundulus luciae (Kneib, 1978) and Valencia hispanica (Caiola et al., 2001 ) that exhibit a diet based only on the consumption of invertebrates. diet based on invertebrates has been found in two other species, Fundulus heteroclitus (Kneib, 1986) and Gambusia holbrooki (Crivelli and Boy, 1987; Garcıa-Berthou, 1999) . observations in the laboratory show that A. fasciatus feeds preferentially on living mobile prey that are caught with its teeth and then gulped. The projection of the lower jaw beyond the upper jaw allows it to feed on preys that are on the surface of the water (i.e. chironomids and mosquitoes), while the projection of its upper jaw over the lower jaw allows it to feed on benthic organisms.
The maximum percentage of empty guts occurred in winter in Messolongi Lagoon (35%) and in autumn at the saltworks (37%). This is attributed to the reduction in the feeding intensity during the winter as the result of the influence of the lower water temperature in the Messolongi Lagoon and the extreme increase in water salinity that occurred in early and late autumn at the saltworks. It is well documented that environmental parameters, such as temperature and salinity, have a negative effect on the feeding intensity of fish because they cause a distress or brake of feeding (Williams and Williams, 1991; stoner, 2004) . Temperature and salinity are among the most important factors governing the metabolism in ectothermic fishes (Fry, 1971; Yan et al., 2004) . Indeed, the pause in growth and the formation of annual rings in the scales of A. fasciatus occur during low winter temperatures . Moreover, false rings were observed in specimens collected at the saltworks in early autumn, coinciding with the salt harvest (Leonardos, 1996) . The higher prey consumption in spring and summer, as emerged from the study of the volume and number of food categories in gut content, may be a consequence of greater food availability and higher energy requirements for growth and reproduction. Fish had more food in their stomachs during summer and autumn, coinciding with an increased growth rate for the species , than in winter and spring. The increased stomach fullness of smaller fish compared to larger ones could be associated with the increased energetic needs of small specimens, which show the highest growth rates during the first year of their life .
The wider dietary diversity in larger specimens, as expressed by the simpson diversity index, could reflect the ability of large specimens to utilise a wider range of habitat resources, both on the trophic level (diet composition) due to their increased morphological adaptations (mainly mouth width), and on the spatial level (distribution) due to their greater mobility and hence dispersal rate. The overall dietary breadth of the species in the study area appeared to expand in cases in which stomach fullness was reduced. The greater dietary diversity observed in winter and autumn could be attributed to the possibly decreased availability of particular prey during those seasons, which would force A. fasciatus to switch to other preys that might be readily available. according to eggers (1977), the diet breadth increases with decreasing prey density. There is a marked variation in the diet of adult and immature individuals. Bigger fish consume more and larger prey items and have a wider diet range because they can consume preys that are not available for small fish. There is a general trend for prey size to be correlated with their energetic value. It is possible that larger fish try to maximise energy intake by increasing the consumption of larger prey (Grossman et al., 1980) . These differences might reflect a combination of increasing mouth size and an improved ability to handle prey and to swim faster (Gerking, 1994; Platell and Potter, 1998) . differences in diet pattern between individuals with different lengths are related to the decrease in intraspecific competition (Caiola et al., 2001; Helfman, 1978; Grossman et al., 1980) . Indicative of this strategy are the ontogenetic differences observed in the feeding pattern of A. fasciatus (Fig. 3) an important parameter of the feeding ecology of A. fasciatus is the feeding on fish eggs, and especially the cannibalistic behaviour observed in spring and summer at the saltworks. This intraspecific predation may be regulated by natural selection and be under genetic control. Cannibalism occurs as a by-product of normal feeding behaviour and is controlled by environmental factors such as changes in temperature and salinity and expansion of habitat, and by alternative food availability. Fish benefit both phenotypically (nutritional gain) and genotypically (contribution to future gene pools), whereas the eggs consumed lose phenotypically because they die (Valdes szeinfeld, 1993) . accordingly, it has been proven that in the adverse environmental conditions that occurred at the saltworks the fish could interrupt the reproductive process and absorb the oocytes (Leonardos and sinis, 1998) . egg cannibalism could therefore evolve when the future benefits of offspring consumption outweigh the loss of present reproduction. rohwer's (1978) hypothesis leads to a prediction that filial cannibalism should increase as parental energy reserves decrease. Cannibalism is a mechanism for density-dependent regulation of fish populations (Cushing, 1977) . The resources from both egg cannibalism and atresia can be allocated for growth of the organism or for maintaining homeostasis, in this case osmotic regulation.
on analysing the diet composition (Fig. 2) , it emerges that A. fasciatus has a generalised diet strategy and a narrow niche width. However, the analysis of the feeding strategy by the modified Costello method (amundsen et al., 1996) suggests quite the opposite, implying that different individuals specialise in different resource types. This is attributed to the distinction between the niche of individuals and that of the whole population. a population with a broad niche may consist of individuals with either narrow or wide niches or a combination of both (amundsen et al., 1996) . The studied population of A. fasciatus from Messolongi lagoon showed a high between-phenotype contribution to niche width (variation in resource use between individuals) that consisted of specialised individuals with little or no overlap in resource use. It seems that this strategy is suitable for avoiding intraspecific competition.
The feeding strategy of A. fasciatus should be classified in general as specialist, but it may sometimes prey on occasional resources. a number of studies have suggested that the strategy of an individual fish may be density-dependent or conditional on levels of intraspecific competition (Ward et al., 2006) . The same feeding strategy is followed by another Cyprinodontiform fish endemic to the Iberian Peninsula, Valencia hispanica (Caiola et al., 2001) .
By specialising on a particular resource or prey type, an individual is likely to become more effective at foraging in that particular niche. a consequence of this is that by specialising on a particular type of prey, an individual may become less able to feed effectively on different preys, especially if the required foraging skills vary between different prey types. The extent of individual feeding specialisation in a population depends on an array of different ecological, behavioural and physiological factors. Important among these are the rate at which foragers encounter a given prey type, the value of that prey type and the anti-predator defences of the prey (Ward et al., 2006) . Ultimately, it seems that specialisation yields greater benefits than a generalist approach, so it is likely to be selected. aCKnoWLedGeMenTs I wish to thank a. Kokkinidou for her help in field work and V. Moutsaki for the linguistic improvement of the text. The comments of dr. a. Tsikliras greatly improved the manuscript. Finally, I would like to thank the anonymous referees for their constructive comments on the manuscript. 
